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Calcium has a special place since it is not only exceedingly widespread but also the common constituent of 
familiar skeletal s仕uc加ressuch as bones and shells. Calcium carbonate and calcium phosphate minerals have high 
latice energies and low solubilities, and are therefore thermodynamically stable within biological environments. 
In general, the precipitation of calcium salts provides and effective means to control the Ca2+ ion concentration in 
biological fluids. 
In this thesis, research 0句ective is synthesis of calcium carbonate polymorphs with the controlled size and shape, 
and then they were used as starting materials on syn白esis of carbonate-containing hydroxyapatite (CHA) by 
hydrothermal process. Also waste shells were used as starting materials for preparation of CHA. This research 
demonstrates an environmentally conscious attempt to utilize waste materials in the preparation of valuable 
products. 
This chapter is described crystal s佐uc旬re， properties, applications and synthesis methods about calcium carbonate 
and calcium phosphate. 
Chapter 2 S戸lthesisof Calcium Carbonate with controlled polymo中hs
Calcium carbonate has three polymorphs of calcite, aragonite, and vaterite, which have the crystal system of 
rhombohedral, orthorhombic and hexagonal, respectivelテ In this chapter, it was investigated that synthesis of 
calcium carbonate is used by the causticizing reaction as a used Ca(OH)z and Na2C03. Also, it was considered 
kinetics of synthesis calcium carbonate on nucleation rate and crystal growth, e能ctof inorganic organic additives. 
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In this study, from results obtained by adjusting experimental variables based on the kinetic, the formation 
mechanism of precipitated calcium carbonate was investigated. Ranges of the supersaturation for formation of the 
three polymorphs were classified by considering the mechanism. At the high supersaturation, vaterite was mainly 
synthesized even though some calcite was mixed. Secondly, at the medium supersaturation, calcite was formed 
primarily. This result is because that supersaturation in this reaction system was lowered together with a lowered 
nucleation rate, and the free energy for stable nucleation finally passed over the range of free energy for 
nucleation of the vaterite. Lastly, at the low supersaturation, aragonite was predominates. At this point, the 
addition of NaOH to adjust supersaturation lowers the solubility of Ca(OHh, a main reactant by common ion 
effect. The addition of NaOH was reduced ci+ ion concentration in the solution. 
Chapter 3 Synthesis of carbonate containing hydroxyapatite from synthesized calcium carbonate 
Hydroxyapatite (HA, CalO(P04MOH)2) is the principal inorganic constituent of human hard tissues such as bones 
and teeth. But the HA in the natural bone does not have the stoichiometric composition and contains carbonate 
ions. It has been reported that carbonate-containing HA (CHA) ceramics show biodegradability. Therefore, the 
CHA is a promising candidate of bone-repairing material. 
A hydrothermal method has been used for the synthesis of CHA from calcium carbonate materials. When calcium 
carbonate (CaC03) is treated with an adequate phosphate-containing solution under hydrothermal condition, CHA 
can be obtained. The synthesis conditions for CHA which govern the properties of CHA, however, are not still 
clear. In the present study, the influences of pH which is the much important factor in the hydrothermal synthesis 
of CHA on the morphology, structures and compositions have been investigated. The reagent nano-sized calcite 
powder was treated hydrothermally with (NH4)2HP04 solution at 200°C for 24 h. The pH value of the solution 
was controlled at pH 4, 8 and 10 by addition of an ammonia solution and CH3COOH. 
According to XRD, calcite converted to CHA within 1 h at pH 4, within 12 h at pH 8 and within 24 h at pH 10. 
The conversion rate of calcite to CHA increased with decreasing pH value. The CHA particles synthesized in the 
solution of pH 4 exhibited almost plate-like morphologies. For pH 8 and 10, HA particles exhibited the rod-like 
shape. In the present system, the formation reaction of CHA seems to be due to dissolution/precipitation where 
calcium ions were dissolved from the calcite and reacted with the phosphate ions from the solution. According to 
FT-IR, products synthesized hydrothermally at pH 4, pH 8 and pH 10 at 200°C for 24 h showed the similar 
spectra to that of HA. On the other hand, some cot derived bands were also observed at 873 cm-\ 1418 and 
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1541 cm- I . Generally, there are two types of carbonate-containing structure on CHA; carbonate-containing at the 
OH site (A-type) and at the P04 site (B-type). In this research, B-type cot peaks were observed at about 1418 
and 873 cm-I• A-type C032- peak also was observed at 1541 cm-I• The absorbance of cot bands increased with 
increasing the pH value of the solution. The carbonate content in CHA increased with increasing the pH value of 
the solution. 
Chapter 4 Preparation of carbonate containing hydroxyapatite using the waste shells 
The huge amount of waste shells in Japan cause environmental problems in the production areas. Since seashells 
consist mainly of calcium carbonates, synthesis of CHA has been investigated, particularly by means of 
hydrothermal treatment. If the bulky material such as CHA covered calcium carbonate could be prepared, it 
should become the unique absorbent with suitable strength for environmental clean-up. 
Abalone and oyster shells were used as the raw materials. The abalone shell had both aragonite and calcite as 
calcium carbonate. On the other hand, the oyster shell had only calcite. These materials were treated 
hydrothermally by the same method mentioned in Chapter 3. CHA was found in the products from both shells by 
the XRD measurement. In the SEM images, the shape of the produced particles was rod-shaped at high level pH, 
plate-like shape at low level pH from the two kinds of seashells. By the controlling of particle shape, control of 
strength and function as absorbent will be achieved. 
In conclusion, calcium carbonate polymorphs with controlled size and shape could be prepared by controlling the 
supersaturation of the solution. Carbonate containing hydroxyapatite with controlled size and shape could be 
prepared by a hydrothermal treatment of CaC03 with (NH4)zHP04 aqueous solutions. The pH values of solutions 
of hydrothermal treatment are the significant variables in altering the HA structure and morphology. Bulky unique 
material of calcite/CHA could be prepared from waste shells. 
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論文審査結果の要旨
本書命文は、環境と調和する材料の創製を目的としたもので、ある。翻夜プロセスによって炭酸カルシウムを合成し、
さらに炭酸カルシウムを出発物質として環境調和型の機能性材料である炭酸水酸アパタイト (CHA) の合成と音刊面を
行ったものである。本論文は、全5 章より構成されている。
第 1 章 “General Introduction" では、自然界に荷主するカルシウム化合物につして概観し、特に炭酸カルシ
ウムとリン酸カルシウムについて、結晶構量、性質、合成法、工業的な応用について述べた。
第 2 章 “Synthesis of calcium carbonate wi th controlled polymorph" では、炭酸カルシウムの瀦夜フ。ロセ
スによる合成と矧面につして述べた。樹夜のi蹴鞠度を制御することによって、カルサイトおよびアラゴナイトの
微粒子を作製できることを示し、生前ずる粒子の大きさと形態について考察した。また、副産物として生前ずる水
酸化ナトリウムのリサイクルについても言及した。
第 3 章 “Synthesis of carbonate containing hydroxyapatite from synthesized calcium carbonate" では、
カルサイトおよひプラゴナイトの微粒子を出発物質とし、リン酸水素二アンモニウム水樹夜を用いて、水熱プロセ
スにより CHA 微粒子を合成した。水鰍盟蹄夜の pH を制御することによって生肘る佃A 微粒子の大きさと形態
を制御することが可能であり、また凶が異なると佃A に含まれる炭酸イオン量が異なることを明らかにした心生
成メカニズムとしては、酸性領域でl士溶解析出機構が支画胡句であり、塩基性領域では固一液反応カサ司配的であると
考察し1乙既往の研究において、結晶構造の精密化が行われていない佃A の中性子線回折および放射光からの X線
を利用したリートベルト解析lこよって、 C出の結晶栴量、空間群およひ格子定数を示し九
第 4 章 “Preparation of carbonate containing hydroxyapatite using the waste shells" では、廃棄処分
されてしもアワビとカキの貝殻を出発物質として、第 3 章で述べた方i去により、環境浄化等に使用できる可能性の
ある吸着剤を作製した。電子顕微鏡観奈より、この材料は、貝殻の微細髄を維持していること洲鶴、された。曲
け1副支は、出発原料の員殻よりも低下したが、取り扱いには問題のなしイ直であった。また荷重一変位曲線からは、
破壊事m-性向上の可能性が示された。
第 5 章 ‘国nmary and future perspectives" では、第 2 章から第 5 章までの内容を要約し、炭酸カルシウム
微粒子および、倒A微粒子の生成について考察した。また、天然素材である貝殻を基にしたカルサイトと佃A の複合
体の作製と応用の可能性について言及した。
以上のように、持命文では、環境と調和する材料崎l腿と制面につして取り紡υだ、もので、あり、その内容は材料
科学ならびに環境科学の発展に寄与するところが大きい。
よって，本論文を博士(環掛ヰ学)の学位論文として合格と認める。
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